Nonenzymatic catalysis by bivalent ions of Be, Mg, Ca, Zn, Mn, Ni and Co and bioorganic phosphates of the formation of hydroxamic acids from acetate or amino acids has been studied systematically. Increased yields of hydroxamate were observed at particular combinations of reactants. The most prominent increase (ca. 15-fold) was found with acetate and Ni++, and with a combination of ATP and Be++. Among others especially ribose-5-phosphate and glucose-5-phosphate enhanced yields in the presence of most metal ions. Since no release of inorganic phosphate was observed, this effect cannot be interpreted as an evidence for intermediate transhosphorylation reactions; it may also result from simple catalytic effects of metal sugar complexes.
The first "prenucleoprotic" steps of chemical evolution presumably involed the self-organization of chemically reacting open systems, stabilized by feedback (autocatalysis) into one of several possible steady states. One of us (Peter Decker) proposed the name "Bioids"** for that subclass of open systems, which, in principle, are capable of a generalized "Darwinian" evolution by transitions ("mutations") into more stable states [1] . In the course of our "Hannover program" [2] , the search for the first steps of such bioid evolution, reactions and catalytic effects as possible elements of autocatalytic feedback appear more important than abiogenic syntheses of "biological" compounds as such. One of the most interesting reactions of this kind was proposed by Lowenstein [3] . He observed increased yields of hydroxamic acid from hydroxylamine and acylate in the presence of ATP and some metal cations as Be, Ni, Co and Zn. The necessity of the simultaneous presence of these compounds for the high yield of hydroxamic acid was interpreted by Lowenstein [3] J. M. Lawlor [4] reported later on that using nickel as the catalyst ATP was not necessary for the production of hydroxamate.
Since the role of ATP was still not clear in the case of metals other than nickel, we studied systematically the effect of different metal cations and different organic phosphates on the reaction of hydroxylamine with acetate and several amino acids.
Experimental
Reagents: Various organic phosphates were purchased from Serva Feinbiochemica. Other reagents were of reagent grade.
Methods: The complete reaction mixture for hydroxamic acid formation contained four components chosen from the following classes: The components were all adjusted with NaOH or HCl respectively to pH 5.2 and after mixing 0.25 ml of each to a final volume of 1 ml they were thermostated at 37 °C for 16 h. The final solution was 0.6 M in the acidic component, 0.05 M in the organic phosphate, 0.05 M in the metal cation and 0.4 M in hydroxylamine. In control experiments omitted components were replaced by an equivalent amount of water. After the incubation period the complete mixture was diluted with 0.5 ml of water; in the control experiments instead of water the omitted compounds were added with the necessary amount of water to give the final volume of 1.5 ml. After further addition of 1.5 ml of a FeCl3 solution (3% FeCl3 • 6 H2 in 1.2 N HCl) the optical density was measured at 509 nm using an Eppendorf photometer. Every particular mixture was measured before and after the incubation period. A calibration curve was prepared with acethydroxamate. Hydroxamic acid yields were reproducible to ± 0.05 mM/ml. To determine any degradation of the organic phosphates according to the proposed mechanism we followed also inorganic phosphate generation colorimetrically by the method of Wahler and Wollenberger [5] . 0.5 ml of the reaction mixture was placed in a tube containing 3 ml of 5 mM Na2M04, 4 ml isopropyl acetate and 0.5 ml 1M HC104 at 0 °C: After shaking for 30 sec rigorously, the content was centrifuged 10 sec for a fast separation of the phases. The upper (organic) layer was withdrawn and its absorption at 325 nm was measured. The low temperature and the fast separation of the phases allows an accurate determination of inorganic ortho phosphate (1-100 nanomoles in the 0.5 ml of reaction mixture) in the presence of the organic phosphates used. reaction does not stop even after a week, we have to conclude that even after 16 h we are far away from the equilibrium concentrations. From Table I we see the catalytic effects of various metal cations onto hydroxamic acid formation. Higher yields were obtained especially in combinations of acetic acid with nickel, cobalt or zink cations. With histidine and cobalt the results were disturbed by absorption changes of colored-histidine-cobalt(III) complexes through air oxidation of Co(II).
Results
To demonstrate the effect of the organic phosphates alone we calculated also the additional hydroxamic acid production under the same conditions but in the presence of organic phosphates. Besides an overall increase of the hydroxamate production, in some combinations we observed high yields. The greatest effect was obtained using a combination of Be ++ and ATP. Higher yields were also observed with ATP in the presence of Mn++ and Zn ++ and with ribose-5-phosphate in the presence of Ni ++ , Co ++ and Mn ++ ions. Since increased yields of hydroxamic acid have been interpreted by Lowenstein [3] as a result of non-enzymatic transphosphorylation reactions, we also looked for the production of inorganic phosphate in some of those experiments, where organic phosphates had been used together with metal cations. According to the stoichiometry of the above equations we should expect equimolar amounts of hydroxamate and time(h) Fig. 2 . Time course of acethydroxamate and inorganic phosphate production. The reaction mixture contained (in //moles per ml): BeS04 50; hydroxylamine 400; acetic acid 600; ATP 50. pH = 5.2, 37 °C. ( ) hydroxamate production, ( ) inorganic phosphate production. inorganic phosphate production. Fig. 2 shows that in the course of the reaction, where we observed the highest yields, there was no production of inorganic phosphate at all. Likewise in all other combinations with ATP which we assayed (as marked by an asterisk in Table I ) we were unable to detect any orthophosphate. In combination with ribose-5-phosphate we found in the beginning of the reaction a small amount of phosphate, which however did not increase in the course of the reaction and hence was due to an impurity of the commercial compound.
Tab. I. The effect of metal ions and organic phosphates on hydroxamate formation: yield of hydroxamic acid (/zmol/ml) and additional amouts obtained in the presence of organic phosphates. 1 ml of solution contained 50 //M metal cation, 0.6 mM acidic component, 50 juM. organic phosphates and 0.4 mM hydroxylamine at pH 5.2 and 37 °C. The incubation period was 16 h. Hydroxamate was determined as described in the methods. (R 5 P=ribose -5 -phosphate; G1P = glucose -1 -phosphate; G 6 P = glucose -6 -phosphate).
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Conclusion
From these results we must conclude that increased yields observed in the presence of both, organic phosphates and bivalent metal cations cannot be interpreted as a result of transphosphorylation reactions according to the mechanism discussed above. Instead, complexes between the phosphorylated ribose nucleotides and metal cations are probably responsible in the catalysis of the hydroxamate production.
